a. We recommend that obesity should not on its own preclude a patient from being considered for kidney transplantation (1B). b. As a pre-transplant Body Mass Index (BMI) > 40 kg/m2 may not be associated with a survival advantage compared to remaining on dialysis, we suggest that the suitability for transplant be carefully assessed on an individual basis (2C). c. As patient and graft survival of obese transplant recipients may be mediated by comorbid factors, particularly cardiovascular, we recommend that obese transplant candidates are screened for cardiovascular disease (refer to "Cardiovascular Disease" guidelines for recommendations) (1C).
WHAT IS THE EVIDENCE? Graft and patient survival
Many of the earlier studies are small single centre control-matched comparisons, and therefore may not be particularly helpful. There are now a number of larger national database studies, although not any controlled trials.
The largest study is from Meier-Kreische, using the US renal data system registry [3] . Sample size was 51,927 adult patients with first graft, registered on the database between 1988 and 1997 and was divided into groups with BMI in blocks of two increments. Patients were followed until graft loss, death, or the end of the study on May 30 th 1998. Cox proportional hazard model was used and corrected for many confounding factors (donor and recipient age, race, gender, and CMV IgG antibody status; primary cause of ESKD (end-stage kidney disease); donor source; cold ischemia times; HLA mismatch; presensitization (PRA); cyclosporine versus tacrolimus treatment; induction versus no induction treatment; mycophenolate mofetil versus azathioprine, and delayed graft function).
With respect to the reference sample of BMI 24-26, the group with BMI 30-32 had 1.181 relative risk of graft loss; the group with BMI 32-34 had 1.151 relative risk of graft loss; the group with BMI 34-36 had 1.205 relative risk of graft loss and the group with BMI >36 had 1.385 relative risk of graft loss. The group with BMI <18 also had an increased relative risk of graft loss of 1.213. Death-censored graft loss was similar in these groups, although the specific numbers are not given. With respect to the reference sample of BMI 24-26, the relative risk of death with functioning graft for BMI <18 was 1.55; for BMI 34-36 it was 1.30 and for BMI >36 it was 1.35. There was also an increased risk of cardiovascular-related death and infectious death (although with low numbers) with higher BMI. Higher BMI was also significantly associated with delayed graft function and chronic allograft failure (failure after 6 months) but not acute rejection episodes (Figure 1 ) [3] .
Gore et al looked at the UNOS database for adult patients transplanted with a first renal transplant between the beginning of 1997 and the end of 1999 with full anthropometric data (27,377 patients; 89.5% of all patients undergoing kidney only transplantation during that time) [4] . Follow up was until July 2004.This was after the introduction of calcineurin inhibitors as compared to the previous study, and had longer follow-up of this group of patients. In univariate analysis, morbid obesity was associated with an increase in bleeding, delayed graft function, prolonged hospitalisation, early graft loss, acute rejection and worse overall graft survival. In multivariate analysis, the association between morbid obesity and increased risk of delayed graft function, prolonged hospitalisation and acute rejection remained. Multivariate analysis also showed an increased hazard ratio of graft loss of 1.22 in the morbidly obese group, compared with the group with normal BMI. Interestingly, in this study, there was not an increased risk of death with a functioning graft when adjusted for comorbidities ( Figure 2 ) [4] .
The ANZDATA registry looked at adult patients receiving a first graft between April 1991 and December 2004, who had commenced renal replacement therapy from April 1991 (5684 patients) [5] . Follow up was until the end of 2005. In 2003-04, 54.0% of adult kidney-only transplant recipients were overweight or obese. BMI was stratified according to the WHO classification and showed that obese patients have worse graft and patient survival in univariate analysis, but not in multivariate analysis. The hazard ratio for graft loss was 1.26 for obese recipients in the univariate analysis but 1.10 in the multivariate analysis. The hazard ratio for patient death was 1.51 for obese recipients in the univariate analysis but 1.02 in the multivariate analysis. Obesity was associated with greater odds for delayed graft function (DGF) (adjusted OR: 1.56 [1.23-1.97], P < 0.001) and 6-month risk of acute rejection (adjusted OR: 1.25 [1.01-1.54], P = 0.04). Interestingly, underweight patients had greater late death-censored graft loss. Recipients with BMI >35 were small in number and were not separately analysed. Obesity was not associated with death from cardiovascular disease or infections in multivariate analysis in this study.
A study from the Dutch national database of adult primary renal transplant recipients from 1993 showed a decrease in both patient and graft survival at 1 year and 5 years with increasing BMI [6] . Cut-off was BMI of 30, although fewer than 50% of recipients had BMI data available. One-and 5-year patient survival were 94.0% vs. 97.0% and 81.0% vs. 89.0% respectively, (P < 0.01). One-and 5-year graft survival were respectively 86.0% vs. 92.0% and 71.0% vs. 80.0%, (P < 0.01).
There are a number of smaller single centre studies which are split between a decrease in deathcensored graft loss and no change, but they are all relatively small numbers compared with the nationwide renal registry data.
A review by the Queensland group has listed single centre studies of death-censored graft survival in obese patients compared with normal patients [7] . Pre-1995, there appeared to be an increased risk of DGF, although this does not seem to have carried through to after 1995, in similar sized studies. There also appeared in some studies to be an increase in death-censored graft loss. They found no significant difference in graft and patient survival but noted an increase in wound breakdown (see below).
Cardinal et al looked specifically at 256 patients aged 60 years and older in Quebec province who received a first cadaveric renal transplant between 1985 and 2000 [8] . Body Mass Index was associated with a hazard ratio of death in the first year of 1.34 for a 5-point increase.
Modlin et al found worse patient survival at 5 years (89.0% v 67.0%) in a matched group of 127 obese (BMI > 30 kg/m 2 ) patients transplanted at the Cleveland Clinic, USA. In the obese group, 39.1% of deaths were cardiovascular, compared with 20.0% in the control group [9] .
Howard et al looked at 833 adult patients receiving a first kidney transplant between January 1990 and December 1999 at the University of Florida, USA [10] . Patients were divided according to BMI into normal, overweight or obese according to the WHO classification. Group 1, BMI < 25 kg/m 2 (n = 457); group 2, BMI 25 kg/m 2 and < 30 kg/m 2 (n = 278); and group 3, BMI 35 kg/m 2 (n = 98). Cadaveric graft survival rates at 2 years were 85% for group 1, 88% for group 2, and 85% for group 3 (P > 0.10). Patient survival rates at 2 years were 92% for group 1, 91% for group 2, and 94% for group 3 (P > 0.10). There were no differences in technical losses or in post-transplantation wound complications.
Yamamoto et al looked at paired kidneys from cadaveric donors that were transplanted into obese and non-obese recipients (28 pairs) [11] . They found a trend to reduced graft survival in the obese group, reaching significance at 5 years. [12] . The obese group showed a higher incidence of DGF (30% versus 5%, P < 0.05) and wound infections (12.5%) post-transplant with similar incidences of wound dehiscence, peri-graft collections, and graft function at the end of follow up.
One thousand consecutive patients from a different hospital in Madrid were also studied by Marcen et al [13] . At the time of transplantation, the BMI was 25 to 30 kg/m 2 in 25.4% and >30 kg/m 2 in 6.5%. Graft survival was not clinically significantly different at 1, 5 and 10 years. Obese patients experienced a greater risk of DGF (P < 0.01) and surgical wound complications (12.3% vs 6.7%, P = 0.003). patients. Of 822 transplant recipients, 90 were obese and 24 were morbidly obese [14] . Wound infection rates were similar in the two groups. The patient survival rate at 1 year in obese patients was 98.9% and 95.6% at 5 years. In morbidly obese patients, the patient survival rate at 1 year was 87.5% and at 5 years was 79.2% (P = 0.006). The graft survival rates were 98.9% and 75% at 1 year and 94.5% and 63% at 5 years (P < 0.0001). Obese recipients with a BMI of >35 kg/m 2 had poorer outcomes.
The results of the studies comparing outcomes for obese and non-obese transplant recipients are summarised in Tables 2 and 3 included in the Appendix. Table 2 (which draws on the review by Armstrong et al [15] ) and Table 3 include 11 additional studies examining the effect of pre-transplant obesity on graft and patient survival that have not been noted above [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
One study has looked at the use of bariatric surgery in transplant recipients [26] . Using the USRDS database and linking it to Medicare claims, they identified 188 patients undergoing bariatric surgery. Of these, 72 were performed pre-listing, 29 while on the waitlist and 87 post-transplant. Roux-en-Y gastric bypass was the most common procedure. Thirty-day mortality after bariatric surgery performed on the waitlist and post-transplant was 3.5%. BMI data were available for a subset and suggested median excess body weight loss of 31% -61%. This is comparable to the results of published clinical trials of bariatric surgery in populations without kidney disease. However, the mortality rate was higher. Sixtynine per cent of those who had surgery while already waitlisted, received a transplant.
Patient survival compared with dialysis
Generally, patients on the waiting list who receive a transplant do better than those who are wait-listed and do not receive a transplant and those who are not waitlisted [27] .
Patients on dialysis do better if they are overweight. Glanton et al used the USRDS to look at the mortality of obese recipients compared with those on the waiting list [28] . A total of 7521 patients were identified with a BMI 30 kg/m 2 at the time of presentation with end-stage renal failure. The incidence of mortality was 3.3 per 100 patient years for cadaveric transplants and 1.9 per 100 patient years for live donor transplants versus 6.6 per 100 patient years if the patient remained on dialysis. However, this advantage was lost if the BMI was > 41 kg/m 2 (458 patients).
Pelletier et al looked retrospectively at obese recipients and compared them with obese patients on the waiting list using the SRTR database [29] . Diabetics had a greater relative risk of death post-transplant than non-diabetics in all groups, but still improved compared with those still on the waiting list. This difference between diabetics and nondiabetics diminished with increasing BMI. Individuals over 60 years of age, with a BMI 35 kg/m 2 had no significant mortality reduction from transplantation.
A case-matched control study from Canada of obese (33 patients) versus matched controls showed an increase in wound infection (18.1% vs 0%), lymphocele (18.1% vs 2.9%) and perinephric haematoma (12.2% vs 0%). Graft and patient survival were 100% in both groups. Cardiovascular risk was screened for in the programme [30] .
Schold et al used the USRDS to look at weight loss on the waiting list, and found that those who lost weight prior to transplantation regained it quickly after transplantation and that weight loss while on the waiting list did not confer survival benefits for either patients or grafts. Morbidly obese recipients had 1.28 adjusted hazard ratio risk of death post-transplant [31] . In a smaller study of 66 patients from a single centre, Olarte & Hawasli found better graft outcomes in those with BMI > 35 kg/m 2 who lost weight pre-transplant and maintained their weight loss post-transplant [32] .
Wound complications
Modlin et al found a 50% increase in post-transplant complications in a matched group of 127 obese patients [9] . Wound complications were not statistically more significant in the obese group but when they occurred, required much more extensive management and caused greater morbidity.
Johnson et al found a superficial wound breakdown rate of 14% vs 4% (P < 0.01), wound dehiscence rate of 3% vs 0% (P < 0.01) and wound infection rate of 15% vs 8% (not significantly different) in their group of 493 patients, of whom 59 (12%) were obese [7] .
Humar et al looked at 2013 recipients at the University of Minnesota, USA, and found the most significant risk factor for a wound infection was BMI > 30 kg/m 2 (RR = 4.4, P = 0.0001), similarly for wound dehiscence or incisional hernia formation (RR = 2.82, P = 0.0003) [33] .
The study by Lynch et al looked at surgical site infection in obese compared with non-obese transplant recipients. A total of 869 recipients were studied, including 351 with BMI > 30 kg/m 2 . Multivariate analysis revealed BMI > 30 kg/m 2 to be a risk factor for surgical site infection with an odds ratio of 2.202 (95%CI: 1.506-3.219) compared with a non-obese individual [34] .
Cardiovascular risk
Ninety renal transplant patients were studied by Armstrong et al, divided into three groups based on BMI [35] . Systolic blood pressure, fasting blood glucose and lipid parameters changed significantly with BMI category and over time post-transplant. Proteinuria progression post-transplant was more likely to occur in obese patients.
A group in Queensland also found better results if patients are carefully screened for cardiovascular disease before being accepted for transplantation [7] . They found no real difference between the two groups in 5-year actuarial survival rates for both patients and grafts. Liver recipients, in whom cardiovascular system problems usually negate list placement, do not have obesity as a negative survival factor.
Obese patients in the study by Modlin et al had more pre-transplant angina (11.2% vs 3.2%, P = 0.02) or previous myocardial infarction (5.6% vs 0.8%, P = 0.04) and therefore worse prognosis [9] . In the obese group, 39.1% of deaths were cardiovascular, compared with 20.0% in the non-obese group (P = 0.01).
A single centre study of 1102 patients from the USA looked at the relationship between BMI and posttransplant cardiac risk [36] . They found an increased risk of cardiac disease (congestive heart failure, atrial fibrillation) with an increase in BMI but surprisingly, not an increased risk of myocardial infarction.
SUMMARY OF THE EVIDENCE
Most studies are small, single-centre, control-matched comparisons, and therefore may not be particularly helpful. Some of the earlier studies used different immunosuppression regimens, to those used currently, which may also have an effect.
There are now, however, a number of reports from nationwide databases, including the USA, Australia and the Netherlands, which show that there is decreased patient and graft survival in obese recipients. However, it may be that this risk is diminished if other risk factors, particularly cardiovascular, are taken into account. Whether or not weight loss diminishes the risk of obesity in renal transplantation is unclear.
For the individual patient, a renal transplant is usually better than remaining on dialysis, although this was not true for patients with a BMI 41 kg/m 2 in their study [28] . However, there appears to be some increased risk with obesity. Transplant organs are a scarce resource and the fairness of allocation is, as always, an issue.
WHAT DO THE OTHER GUIDELINES SAY?
Kidney Disease Outcomes Quality Initiative: No recommendation. UK Renal Association: [37] Obese patients (BMI >30kg/m 2 ) present technical difficulties and are at increased risk of peri-operative complications. They should be screened rigorously for cardiovascular disease and each case considered individually. Although obesity is not an absolute contra-indication to transplantation, individuals with a BMI >40 kg/m 2 are less likely to benefit. (Good practice) Canadian Society of Nephrology: Few data exist to suggest which, if any, obese (body mass index 30 kg/m 2 ) patients should be denied transplantation on the basis of obesity per se. (Grade C). Supervised weight-loss therapy is recommended for obese candidates, with target BMI < 30 kg/m 2 (95th percentile in children) (Grade B) [38] . European Best Practice Guidelines: No recommendation. International Guidelines: No recommendation.
SUGGESTIONS FOR FUTURE RESEARCH
Further registry studies, particularly taking into consideration other factors such as cardiovascular disease and type II diabetes may help in the future. Further single centre studies are unlikely to have enough participants to be statistically meaningful. 
